INTRODUCTION
Watermilfoil enzyme activity 160 The G6PDH activity was assayed according to a method based on the protocol developed by 161 Shanzhi et al. (2004) . The rate of NADPH formation, which is proportional to the G6PDH 162 activity, was measured spectrophotometrically as an increase in absorbance at 340 nm. The 163 production of a second molar equivalent of NADPH by 6-phosphogluconate dehydrogenase 164 (6PGDH) was prevented by using β-mercaptoethanol, an SH-reagent inhibitor of 6PGDH. (1968) . 250 mg of three watermilfoil clones (apex) were ground at +4°C with a pestle in a mortar containing 1 g of Fontainebleau sand and 12.5 mL of 1% trichloroacetic acid (m/v; TCA, Aldrich, USA). One mL of the supernatant was added to 1 mL of 0.5% thiobarbituric acid 178 (TBA; prepared in 20% TCA, m/v, Sigma-Aldrich, USA), and the mix was boiled at +100°C 179 for 30 min in a water bath before being chilled on ice for 5 min. Next, the samples underwent 180 10 min of 2,600-g centrifugation at +4°C, and the absorbance was read at 532 nm in a 181 spectrophotometer (Heλios Beta, Thermo Spectronic, USA). The MDA concentration was 182 calculated using both the molar extinction coefficient (i.e. 1.55E-3 cm 2 .mmol -1 ) and Lambert Law (Beer, 1852); it was expressed in mmol/g FW.
184
185 Vitamin E (α-tocopherol) 186 This molecule occurs naturally in alternate watermilfoil, and its level changes reflect an 187 oxidative stress relative to ROS production. The α-tocopherol concentration was assayed as 
Trace metal elements in water and plants
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The copper and cadmium contained in the samples were measured in triplicate using (SCIEX-ELAN 6100 DRC, Perkin-Elmer, USA) from both in vitro collected M. alterniflorum 194 and freshly sampled waters (for each locality, water was sampled once on Days 1, 3, 6, 8, 14, 195 21, 28 and 35 after plant deployment in the rivers). For plant mineralization, watermilfoil clones 196 were carefully rinsed in running tap water, thoroughly washed with distilled water and blotted 197 dry; 500 mg of fresh weight were digested in 2.5 mL HNO 3 69% (Fisher chemical, Thermo
198
Fisher Scientific, USA) at 60°C for 48 h. 500 microliters of the solution were diluted in 2 mL between 1 and 27 days of treatment, the Cu phytoaccumulation increased slowly, with an 223 apparent stabilization around 22 ng Cu/mg DW during the last 10 days of analysis. Due to these homogeneous Cu bioaccumulations from Days 1 through 27, the origins of heterogeneous 225 differences in biomarker profiles were difficult to define (Fig. 3) .
227
The entire G6PDH profiles remained moderately homogeneous throughout the assay yet by 228 focusing on a shorter period (from 3 to 15 days), greater profile homogeneity was observed.
229
During this period, the maximum homogeneity was obtained not only for 5 and 25 µg CuSO 4 /L 230 but also for 50 µg CuSO 4 /L. For these particular activity profiles, the relative homogeneity can 231 be demonstrated through similar peaks: initial peak at 3 days (+168.9%, +309.9% and +167.4%, 232 respectively -Note: The percentage values expressed here correspond to the total increase 233 between peak beginning and peak end); second peak at 11 days (+367.8%), 9 days (+425.4%) 234 and 7 days (+132.1%); and third peak at 15 days (+178.4% and +302.0%) and 11 days 235 (+173.1%). In contrast, the activity profiles at 10 and 100 µg CuSO 4 /L shared more similarities 236 during the final 13 days of analysis: i.e. one peak (+508.7%) at 21 days for 10 µg CuSO 4 /L and 237 in the form of 2 peaks (+194.4% at 17 days and +183.5% at 21 days) for 100 µg CuSO 4 /L; 238 another peak at 27 days (+55.0% and +332.9%) for 10 and 100 µg CuSO 4 /L, respectively.
240
According to the MDA profiles (Fig. 3) slightly similar profiles during the 27-day treatment (Fig. 3) , which indicates the lack of 250 correlation between vitamin E level and Cu concentration. All profiles showed a sharp increase 251 in vitamin E during the first few days, appearing earlier for high Cu concentrations (compared 252 to the control level: +18.9% at 9 days, +7.2% and +4.9% at 5 and 9 days (two adjacent peaks),
253
+11.7% at 7 days, +7.4% at 3 days, and +3.8% at 5 days for 5, 10, 25, 50 and 100 µg CuSO 4 /L, 254 respectively). Interestingly, at around 15 ± 2 days, a distinct yet rather weak decrease in vitamin (Fig. 4) . Nevertheless, early biomarker responses due to these quick TME accumulations could 269 be expected. It therefore seems important to focus on shorter time segments to explain the 270 homogeneity and heterogeneity zones between the five response profiles of each biomarker.
Regarding the G6PDH profiles in Figure 4 , it appeared to be difficult at first to find 273 homogeneous responses between each CdCl 2 treatment even though 1 and 4 µg CdCl 2 /L 274 treatments were slightly similar over the final 7 days (respectively one peak at 21 days: 275 +472.1% and +226.9%, and another peak at 27 days: +229.3% and +785.0%). According to 276 biomarker response intensities over the period from Day 0 to Day 13, an analogy can be 277 observed between 0.5 and 10 µg CdCl 2 /L treatments as well (+253.1% at 5 days and +131.8% 278 at 1 day / +263.8% and +190.6% at 9 days, respectively). On the contrary, the 7 µg CdCl 2 /L 279 profile reveals greater peak intensities (+1,029.6% at 5 days and +563.0% at 13 days). From all the positive and negative correlations observed and commented above, it should be 338 noted that the data obtained between 1 and 6 days after M. alterniflorum introduction in rivers 339 can engender a certain bias. This suggestion is dependent on the in situ acclimatization of plants, 340 which require a few days to stabilize their physiological parameters. Therefore, the values 341 between 1 and 6 days must not be considered independently, due to the appearance of errors, 342 yet may be used for a general data compilation approach.
DISCUSSION
346
This study presents three major plant biomarkers that are typically analyzed during metal stress 347 experiments. These biomarkers are actually quite sensitive to the oxidative stress produced by 348 the ROS release in the cell compartment, but not specific to TME. They may be used as (Figs. 3 and 4) .
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Independently of time exposure, three major activity peaks can be distinguished for all Cu 373 treatments: an initial peak appears between 1 and 3 days, followed by a second peak between 7 374 and 11 days, and lastly the final peak between 11 and 25 days. Interestingly, another peak(s) is has in fact been highlighted (Fig. 5I) show similar profiles primarily characterized by a decrease in vitamin E content after 7 to 11 443 days of metal exposure, followed by a rapid increase until the level observed at T0. In addition,
444
for Cd stress, the vitamin E amount appears to be clearly dependent on the contaminant concentration, except at the lower concentration of 0.5 µg/L CdCl 2 . For this pollutant therefore,
446
the oxidative stress on chloroplast and membranes is quite high after the first week of metal 447 exposure. Afterwards, this effect is reversed (vitamin E increase), leading to assume that plants 448 cope with this stress by using other reducing agents or by de novo vitamin E synthesis. In either 449 case (Cu or Cd), the restoration of vitamin E content to its basal level between the 2 nd and 3 rd 450 week is not due to a decrease in ROS pressure, given that the curves depicting values of metal 451 concentration accumulated in plants are practically linear during this period (Fig. 2) .
452
As mentioned above, the membrane lipoperoxidation (MDA profiles) is observed between 
472
Lastly, the significant negative correlation (Fig. 7I) 
